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ABSTRACT
Ten dominant or codominant trees were sampled from a 29-year-old
black spruce stand, released at age 19, and ten of comparable dbh from a 77year-old, unthinned stand. A variety of characteristics, including taper, volume, and specific gravity of the bole, as well as the change in specific gravity
with age at breast height, were determined for trees from both stands. The
older trees had significantly less taper, shorter crowns, approximately 1.9
times more merchantable volume and 10% higher specific gravity. The juvenile period for specific gravity was approximately 60 years. The higher
specific gravity and merchantable volume of the older trees resulted in
approximately 2.1 times more solid wood in the merchantable bole.

INTRODUCTION
The increased emphasis on intensive management of forest stands means
that rotations will become shorter. Short-rotation stands will be characterized
by trees with more taper, longer crowns, and larger branches than trees in the
older, denser stands presently being harvested. A higher proportion of the
bole will be juvenile wood. This means that short-rotation stands will provide
wood of somewhat different suitability for manufacture of pulp and paper, as
well as structural lumber, than the older stands.
Pulp yields from juvenile wood tend to be lower than those from mature
wood when expressed on either a dry weight, green weight, or green volume
basis (Kirk et al. 1972; Zobel 1976; Kellogg and Kennedy 1986). Zobel et al.
(1972) reported 30% more pulp by green weight per cubic foot of mill-run
loblolly pine chips than for low-density, juvenile-wood chips. Juvenile wood
has a higher lignin content, possibly due to the presence of more compression
wood (Zobel 1975). Using standard sulfate pulping techniques, manufacturing costs for juvenile wood may be increased by up to 10%, because the
amount of chemicals required per ton of pulp is greater (Zobel 1984).
Wood density is the single most important clearwood property affecting
lumber strength (Kellogg and Kennedy 1986). Senft and Bendtsen (1984)
calculated that a piece of 2-x-8-inch dimension lumber sawn from loblolly
pine juvenile wood would be required to provide strength equivalent to that
of a 2 x 6 sawn from mature wood. Pearson and Ross (1984) studied the effect
of fast growth rates on mechanical properties of loblolly pine. They compared
41-, 25-, and 15-year-old loblolly pines of essentially the same dbh with
juvenile wood contents of 6%, 21%, and 43%, respectively. They found that
the faster-grown trees had inferior strength properties, but that whenringsof
the same age were compared among trees, there was little difference.
Senft et al. (1986) and Wolcott et al. (1987) compared property values of
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early juvenile wood with those of mature wood for Douglas-fir and red
spruce, respectively. Senft et al. (1986) reported differences ranging from
32% for specific gravity to 56% for modulus of elasticity. Wolcott et al.
(1987) found differences ranging from 16% for specific gravity to 49% for
modulus of elasticity. For both species, the values were higher for mature
wood.
The marked differences in properties between juvenile and mature wood
suggest that the length of the juvenile period for any species will become
increasingly important as rotation ages decrease. The length of the juvenile
period varies widely among species, and for any given species, it varies with
the property of interest, being longer for specific gravity than for modulus of
rupture and modulus of elasticity (Wangaard and Zumwalt 1949; Senft et al.
1986; Wolcott et al. 1987). The approximate length of the juvenile period for
specific gravity is 5 to 8 years for slash pine (Zobel 1976), about 13 years for
loblolly pine (Bendtsen and Senft 1986; Loo et al. 1986), 40 years for Douglas
fir (Jackson and Megraw 1986;Megraw 1986; Senft etal. 1986), and 50 to 70
years for red spruce (Wolcott et al. 1987).
This paper presents the results of a study to determine some of the
differences that may exist between short-rotation black spruce (Picea mariana [Mill.] B.S.P.) stands and older black spruce stands presently being
harvested. Black spruce is a major component of many stands in northern
Maine. Increasingly, the younger stands are being precommercially thinned.
Black spruce is also frequendy planted on harvested sites formerly occupied
by hardwoods.
Both precommercial thinning and planting will lead to shortened rotations. Fewer years will be required to grow trees to diameters at breast height
(dbh) equal to or greater than, the dbh of trees from the older stands presently
being harvested. Thus, it is important to know how the characteristics of
short-rotation stands may differ from those of the older stands that currently
provide the supply of wood to many mills in Maine.

PROCEDURE
Two black spruce stands of different ages, but having dominant and
codominant trees of similar dbh, were selected for study. The stands are on
land owned by Champion International. The age of the dominants and codominants from one stand was 77 years and from the other stand, 29 years, as
determined from ring counts made from stumps of the sample trees. The older
stand is typical of some of the unmanaged stands presently being harvested,
while the younger stand is representative of some that will be harvested at a
future time while still at a relatively young age. Although the developmental
history of the older stand is not completely certain, it is evident that the stand
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has not received any cultural treatment The younger stand developed under
an aspen-birch overstory and was released by an herbicide application 10
years before the study trees were harvested. Precommercial thinning to approximately an 8-ft-x-8-ft spacing was carried out in denser portions of the
stand after the release. Both stands are on a Hermon sandy loam (loamyskeletal, mixed, frigid Typic Haplorthod). Distance between the two stands
is approximately 0.2 mile.
Ten dominant or codominant trees were selected from each stand. All
trees were of approximately the same dbh; they were straight with uniform
crowns, and free of visible defect. The trees were felled at 0.5 ft above ground
level. Total height and height to the base of the live crown were measured.
One-inch-thick cross-section disks were taken from each tree at breast height
(4.5 ft) (two disks), 8.5 ft, 16.5 ft, and at the mid-point height between the
stump and the terminal. The point on the stem of a 4-inch top inside bark was
determined from diameter measurements outside bark and bark thickness.
The height to the 4-inch top was measured.
A wedge-shaped piece of wood, extending from the last annual ring to the
pith, was cut from one of the breast height disks and each of the other disks
for use in specific gravity determinations. The wedges were approximately
one-eighth of the circumference of each disk. All wedges were soaked for 24
hours to ensure that they were at green volume. Specific gravity of each
wedge was determined from the oven-dry weight and green volume. Green
volume was determined by immersing die wedge in a beaker of water positioned on a top-loading balance, the volume being equal to the difference in
the weight before immersion and the weight after immersion. Wedges were
dien dried for 24 hours at 105°C and weighed. A weighted specific gravity
was calculated for each tree using the specific gravities of the wedges and
the cross-sectional areas of the respective disks.
It was assumed that the weighted specific gravity calculated for each tree
applied to the bole between 0.5 ft and a 4-inch top. The volume of each tree
between 0.5 ft and a 4-inch top was calculated from the diameters of the disks
and the distances between the disks.
Radial growth at breast height for the 10 years following herbicide
treatment and for the period prior to release was determined for trees from the
younger stand. Radial growth at breast height for ages 1 through 15 and 16
through 25 was determined for the trees from the older stand. These ranges in
age corresponded to die pre- and post-release periods for the younger stand.
The second disk taken at breast height was used to establish the relationship between specific gravity and age. A 3/4-inch-wide strip was cut from
each disk. This strip contained the pith and extended across the entire disk.
Beginning at the pith, specific gravity samples were prepared along each
radius. Successive samples were separated between the latewood of one year
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and the early wood of the next year. The number of rings in a sample was the
minimum necessary to ensure that the sample was large enough to provide an
accurate measure of volume using the water displacement method. Specific
gravity was determined from the oven-dry weight and green volume.
Ratios of diameter inside bark (dib) at 16.5 ft to dib at 4.5 ft and of dib
at the mid-point height to dib at 4.5 ft were calculated for each tree to provide
an indication of stem taper for the two groups of trees. Differences in specific
gravity and other characteristics between the two groups of trees were tested
using unpaired t-tests. As appropriate, differences were termed significant
(P< 0.05) or highly significant (P< 0.01). Curves expressing specific gravity
as a function of age werefitto the specific gravity vs. age data for both groups
of trees. Curves were fit to the data to better illustrate the general trend of
change in specific gravity with age. Five parameters were tested and those
that were significant at P< 0.05 were retained. Parameters tested were: age,
(age)2, (age)3, (age)"1 and log (age). The 95% confidence interval was determined for each curve.

RESULTS AND DISCUSSION
DBH and DBH Growth
The mean dbh of trees from the older, unthinned stand was greater than
that of trees from the younger, released stand (7.22 inches vs. 6.87 inches)
(Table 1), but the difference was not significant. In terms of dbh, both stands
would be considered of merchantable size. Although the mean dbh of trees
from the older stand may appear small for an average age of 77 years, it is
fairly typical for many spruce stands in Maine.
Average diameter growth at breast height differed markedly between the
two groups of trees, being 0.29 inch/year for the younger trees and 0.12 inch/
year for the older trees. The difference, 0.17 inch/year, was highly significant.
The effect of the release on diameter growth of the younger trees was highly
significant, although small (0.32inch/year after vs. 0.26 inch/year before).
Three of the trees exhibited slower diameter growth after release than before
release (0.24 inch/year after vs. 0.28 inch/year before). The relatively high
pre-release growth rate and the small diameter growth response suggests that
many of the trees that presently comprise the stand were experiencing
relatively little competition prior to release, either from the overtopping birch
and aspen, or from other black spruce.
In contrast, growth of trees from the older stand was less during the
equivalent periods of stand development. Average diameter growth for the
first 15 years was 0.16 inch/year, and for the next 10 years it was 0.12 inch/
year. Trees in the older stand apparendy experienced more intense competition during early stages of development than trees in the younger stand,
although the nature of the competition cannot be established.
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Total Height, Height Growth, and Live Crown Length
Trees from the older stand averaged 18 ft taller than trees from the
younger stand, which was a highly significant difference (Table 1). It is to be
expected that trees from the older stand would be taller, but the important
point is the large difference in height that existed between two groups of trees
of approximately the same mean dbh. This has major implications for both
stem form and volume.
It appears that trees from the older stand have grown at a slow rate
throughout most of their existence and that the height growth of the younger
trees was not gready improved by the release. The average age of the older
trees at the mean mid-point height of 27 ft was 39 years, and the average age
of the younger trees at the mean mid-point height of 17 ft was 14 years. In both
instances the mid-point age was almost exacdy half of the total age. A comparison of ages at breast height and 16.5 ft for both groups of trees suggests
that the most rapid height growth for both occurred between those heights.
The live crown lengths of the two groups of trees were greatly different.
All of the released trees (younger stand) had retained live crown over virtually
die entire bole length. The mean crown length ratio for those trees was 0.94
(Table 1), and many of the lowest living branches were touching the ground.
The presence of living branches over the entire length of bole is further
evidence that the trees have grown at a relatively wide spacing since they
became established. Given the role that the live crown is thought to play in
juvenile wood formation (Larson 1962; 1969), the length of the juvenile
period of the younger trees may be extended, and they may continue to
produce juvenile wood over much of the bole for many years.
The mean crown length ratio of trees from the older stand was 0.31, small
compared to that of trees from the released stand. If crown recession proceeded more rapidly in this stand than in the younger stand, which appears to
be the case, it is conceivable that the juvenile period may be shorter than it
may ultimately be for the younger stand.
Bole Form and Volume
The boles of trees from the younger, released stand tapered more than
those of trees from the older, unthinned stand, as indicated by the smaller dib
ratios (Table 2). The difference in taper between the two groups of trees is
most noticeable in the length of the bole between 4.5 ft and 16.5 ft. Taper of
the old trees was 0.833, whereas taper of the younger trees was 0.662 (Table
2); this difference was highly significant. Expressed in terms of crosssectional area at 16.5 ft and4.5 ft, the ratios were 0.691 for the older trees and
0.432 for the younger trees.
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Table 1. Characteristics of trees from the two black spruce stands under
study.

Stand

Age (yr)

Dbh (in)

Old,
un thinned

77"
(60-89)"
29
(27-32)

7.22
(6.48-8.03)
6.87
(6.28-7.64)

Young,
released

Crown
length
ratio

Base of
live crown
Total
height (ft)
(ft)
52
(48-61)
34
(29-38)

36
(23-42)
2
c

0.31
(0.19-0.55)
0.94
(0.93-0.95)

"Mean
"Range
c
Height to the base of the live crown was approximately 2 ft for all trees

Table 2. Stem taper inside bark, as indicated by diameter ratios, and volume
in two portions of the stem for trees from the two black spruce
stands under study.
Taper
Stand
Old
un thinned
Young
released

16.5 ft/bh

Mid-point/bh

Volume
0.5 ft to
4-inch top
0.5 ft to 16.5 ft

0.833"
(0.781-0.880)"
0.662
(0.484-0.810)

0.704
(0.660-0.742)
0.648
(0.562-0.794)

5.54
(3.86-8.39)
2.90
(2.09-3.52)

3.58
(3.20-4.70)
2.84
(2.13-3.40)

•Mean
"Range

Table 3. Specific gravity at four heights for trees from the two black spruce
stands under study

Stand
Old,
un thinned
Young,
released
'Mean
"Range

4.5 ft
0.436'
(0.370-0.474)"
0.391
(0.353-0.440)

Sample Height
8.5 ft
16.5 ft
0.439
(0.384-0.482)
0.395
(0.367-0.446)

0.431
(0.384-0.477)
0.404
(0.337-0.424)

Mid-point Height
0.427
(0.384-0.472)
0.403
(0.377-0.427)
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The difference in taper for the bole between the mid-point height and 4.5
ft was smaller, but still significant. There was little difference between the
two ratios for the younger trees, because mid-point height of most of the trees
was only slightly greater than 16.5 ft.
The difference in cubic ft volume between the two groups of trees was
highly significant for the lengths of bole between 0.5 ft and 16.5 ft, and
between 0.5 ft and a 4-inch top, which was at a height of 30 ft for the older
trees and 17 ft for the younger trees. For the lowermost 16 ft, the difference
was 0.74 ft3 per tree and for the bole between 0.5 ft and a 4-inch top, the
difference was 2.64 ft3/tree, 5.54 ft3 for the older trees vs. 2.90 ft3 for the
younger trees (Table 2). The older trees, thus, contained approximately 1.9
times more volume than the younger trees.
Specific Gravity
The mean specific gravity of the released trees was less than the mean
specific gravity of trees from the unthinned stand at all sample heights (Table
3). Differences at 4.5 ft and 8.5 ft were highly significant, and differences at
16.5 ft and the bole mid-point height were significant. The mean weighted
specific gravity between 0.5 ft and the bole mid-point of trees from the older
stand was 0.435, 10% greater than the average of the released trees, which
was 0.396. This difference was highly significant and is thought to be due
primarily to the higher specific gravity of the older wood in trees from the
unthinned stand.
The small differences in specific gravity among sample heights for each
group of trees substantiates the assumption that the weighted specific gravity
values should apply to the length of stem between 0.5 ft and a 4-inch top.
Taking into account both the weighted specific gravity and the mean cubic ft
volume to a 4-inch top further accentuated the difference between the two
groups of trees, and showed that the unreleased trees contained approximately 2.1 times the volume of solid material as the released trees [(5.54
ft3)(0.435)/(2.90ft3)(0.396)=2.10].
Both stands showed the same trend in specific gravity vs. age at breast
height (Figures 1 and 2). Specific gravity was high when the trees were young,
but decreased rapidly until about age 10. The high specific gravity at an early
age has been attributed to somewhat higher amounts of compression wood
near the pith (Zobel 1976). Ultimately, a minimum specific gravity was
reached, and beyond the age at which the minimum occurred, specific gravity
showed the typical increase with age.
Specific gravity of trees from the released stand was best represented by
the relationship,
specific gravity = 0.35665383 + 0.00000374(age)3 + 0.23029221 (age)1
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Figure 1. Specific gravity vs. age for the old black spruce stands (includes
curve fit to data and 95% confidence interval)

Figure 2. Specific gravity vs. age for the young black spruce stand
(includes curve fit to data and 95% confidence interval)
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All terms were highly significant. The R2 value was 0.236. This low R2
is not surprising in view of the large variation in specific gravity that occurred
among trees for wood of a given age. High variability is a common characteristic of wood property vs. age relationships.
The specific gravity vs. age relationship of trees from the unreleased
stand was,
specific gravity = 0.57550535 + 0.00691313(age) - 0.00002559(age)2
- 0.09927337 log (age).
All terms were highly significant except for (age)2, which was significant. The R2 value for the equation was 0.418. As with the released stand, this
specific gravity vs. age relationship was characterized by a wide range in
specific gravity values at any given age.
The most important feature of the specific gravity vs. age relationship
was the increase in specific gravity that occurred in the unthinned stand for
many years following the minimum. The equationfitto the data indicates that
specific gravity continued to increase beyond age 60. However, the data
suggest that specific gravity may have begun to level off at about age 60, or
perhaps sometime earlier. Although the small number of data points for ages
beyond 60 makes it difficult to state when the mature period actually began,
an age of approximately 60 years appears reasonable.
The length of the juvenile period varies among the trees in a stand, among
stands of the same species, and among species. However, research on the
length of the juvenile period indicates that large differences among stands of
the same species are not likely (Zobel 1976; Bendtsen and Senft 1986; Loo
etat. 1986;Megraw 1986;Wolcottetal., 1987). Foraspecies with an average
juvenile period of 50 years, one would not expect one stand to have an average
juvenile period of 10 years and another, an average of 90 years. This means
that based on the results presented here, it is reasonable to conclude that black
spruce has a juvenile period for specific gravity that may approach or exceed
60 years in some stands. This agrees well with the juvenile period for specific
gravity reported for red spruce (Wolcott et al. 1987).
The large difference in specific gravity between the trees from the two
stands is due primarily to the long juvenile period for specific gravity. The
younger stand had not had the opportunity to produce as much high density
wood as the older stand. It should be emphasized that even though the juvenile
period for specific gravity of the older stand may be at least 60 years, the
characteristics of the wood gradually approach those of mature wood, even
though true mature wood may not be produced until age 60 or older.
A comparison of the specific gravity vs. age data from the two stands for
the period prior to age 30 suggests three major differences (Figs. 2 and 3). The
first difference is the age at which the minimum specific gravity occurred.
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Figure 3. Specific gravity vs. age for the old stand—first 27 years (includes
curve fit to data and 95% confidence interval)
In the released stand this minimum occurred at about age 12, whereas in the
older, unreleased stand the minimum occurred at about age 17. The second
difference is the rate at which specific gravity increased with age following
the age at which the minimum occurred. This increase was more rapid for
trees from the released stand. The third difference is the lower overall specific
gravity of trees from the released stand. The curve for trees from the released
stand was below the curve for trees from the unreleased stand through age 22.
The minimum value for trees from the released stand was 0.385 and for the
unreleased stand 0.405.
There are two probable reasons for the apparent differences between
trees from the two stands. Genetic differences are one. Wood properties, and
presumably the rate of change in wood properties with age, are under some
degree of genetic control. Thus, it should not be expected that both stands
would be identical in terms of specific gravity at a given age or the change in
specific gravity with age.
The second reason is the possible effect of release on wood properties.
The higher windspeeds through the canopy that would occur following
release would cause increased crown movement Increased side-to-side
movement of the crowns leads to the formation of compression wood, which
has a higher specific gravity than normal wood. Abundant amounts of com-
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pression wood are frequently visible in the first few growth rings of trees
following release. Although there was no obvious visual indication of increased compression wood after release in the trees used in this study, it is
possible that some increase in compression wood did occur and that this may
have been partly responsible for the more rapid increase in specific gravity of
the younger trees with age.
Because there were live branches below breast height on the boles of the
released trees, it might be expected that specific gravity at breast height of
those trees would have increased more slowly with age than the specific
gravity of trees from the unreleased stand, in which self pruning presumably
began at a younger age. In reality, this did not occur, suggesting that the lower
portion of the live crown apparently had little effect in extending the juvenile
period. However, these lower branches have another effect on wood properties that will subsequently be explained.
Implications
Differences in pulp yield and mechanical property values between trees
from the two stands would probably be quite large. The 10% higher specific
gravity of the older trees suggests that yield of pulp per unit volume of wood
from those trees could be as much as 10% greater, for reasons related to
specific gravity alone. Pulp yield is also affected by lignin content. As wood
lignin content rises, pulp yield decreases. Lignin content is higher in young
juvenile wood than in older juvenile wood or mature wood. Because the
released trees contained a greater proportion of young juvenile wood, lignin
content in those trees should be higher.
Another possible cause of a higher lignin content in wood from the
released trees would be the numerous large branches. Compression wood
tends to form on the undersides of branches. It is characterized by short,
small-diameter, thick-walled cells that have a high lignin to cellulose ratio
(Haygreen and Bowyer 1989). Compression wood is less desirable for pulp
and paper manufacture than normal wood. As the bole continues to enlarge
radially, some of this compression wood would be incorporated into the bole,
further increasing the likelihood of reduced pulp yields and additional pulping costs per unit volume of wood.
A simplistic example shows the potential importance of specific gravity
to pulp yield. If two pulp mills, A and B, both produce 500 tons of pulp per
day (kraft process; 45% yield on a dry weight basis), but Mill A is supplied
with wood from trees from the older stand having an average specific gravity
of 0.435 and Mill B, with wood from the younger trees having an average
specific gravity of 0.396, the difference in the volume of wood required by the
two mills to produce equal pulp yields is illustrated below.

12

Mill A
1.
2.
3.
4.
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Average specific gravity of wood supply = 0.435
Average weight/ft3 = 0.435(62.4 lb/ft3) = 27.14 lb/ft3
Average yield of pulp/ft3 of wood=(27.14 lb/ft3)(0.45) = 12.21 lb/ft3
Average volume consumption/day =
(1,000,000 lbpulp/day)(l ft3/12.21 lbpulp)/(l cd/85 ft3)=964 cd/day

MillB
1. Average specific gravity of wood supply = 0.396
2. Average weight/ft3 = 0.396(62.4 lb/ft3)=24.71 lb/ft3
3. Average yield of pulp/ft3 of wood = (24.71 lb/ft3)(0.45)
= 11.12 lb pulp/ft3
4. Average volume consumption/day =
(1,000,000 lb pulp/day)(l ft3/l 1.12 lb pulp)/(l cd/85 ft3)=l,058 cd/day
Mill B would require 94 more cd of wood/day, or 34,310 cd/year more
than Mill A. This estimate does not take into account any effect of possibly
higher lignin content of the lower specific gravity wood and therefore, may
be viewed as conservative.
Another factor affecting pulp yields concerns wood provided to the pulp
mill as slabs from a sawmill. Using the specific gravity vs. age relationship
for the older stand and assuming rotation ages of 40 years and 65 years, but
with trees of the same dbh at the end of each rotation, the average specific
gravity for wood of age 51 through 65 is approximately 0.50 and for wood of
age 30 through 40 approximately 0.43. This is a difference of 16%, based on
specific gravity of the younger wood. If these are representative of the
specific gravities of slabs from the two groups of trees, the effect of the shorter
rotation becomes more pronounced.
Mechanical properties are also affected by specific gravity. Using modulus of rupture, (MOR) or bending strength, as an example, the difference
between the two groups of trees is evident. Modulus of rupture at 12%
moisture content can be estimated from specific gravity using the formula
(USDA 1987),
MOR = 25,600 (specific gravity)105
Modulus of rupture estimated from the average specific gravity of the
older trees was 10,682 psi. For the average specific gravity of the younger
trees the modulus of rupture was 9,678 psi. Average modulus of rupture of the
younger trees was 10% less than that of the unreleased trees. In reality,
modulus of rupture is more applicable to boards or structural lumber than to
entire stems, and it is doubtful that, in Maine, a large number of 7-inch dbh
trees would be sawn into structural lumber. Nevertheless, a difference in
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specific gravity of the magnitude observed here, should it occur between two
groups of boards, could result in a substantial difference in mechanical properties.
The much longer live crowns of the short-rotation trees, with their larger
branches, mean that lumber sawn from these trees will have larger and more
numerous knots than lumber sawn from the older trees. Therefore, the lumber
from the short-rotation trees will have a lower grade than lumber from the
older trees.
A major consideration, not related to wood properties, is the difference
in volume between the trees from each stand that resulted from the greater
taper of trees in the younger stand, even though the mean dbh of the two
groups of trees was almost the same. This suggests that for any merchantablesized dbh, more short-rotation trees would have to be harvested to provide the
same volume of wood as could be obtained from a given number of trees from
an older stand and having less taper. However, the greater and more uniform
spacing between trees in a short-rotation stand means that harvesting equipment would be able to move through the stand more easily than through a
denser stand (Smith 1986). Also, it is likely that a short-rotation stand would
contain fewer trees of very small dbh. These factors may reduce the difference
in logging cost/tree and the difference between the number of trees that would
have to be harvested to produce an equivalent volume of wood.
As the two stands in this study continue to grow, differences between
them should diminish. The mean specific gravity of the released trees should
increase more than that of the unreleased trees, and the taper in the lowest
portion of the boles of the released trees may diminish somewhat However,
even in another 10 years, specific gravity of the released trees will likely still
be considerably less than that of the unreleased trees, and for a given dbh the
taper considerably greater.
Although these are only two stands, they do provide evidence that large
differences may exist between trees from stands grown under short rotations
and trees from the older, unreleased stands presently supplying Maine mills.
These differences must be taken into account in projections of future stand
volume and wood quality.
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